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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a novel single- 5 
station thermoforming apparatus and the method car- 
ried out by this apparatus. 

[0002] The thermoforming machines falling within the 
scope of the invention are those machines in which a 
sheet-like plastics material (in general a plate or a coil 
bobbin) is at first heated to the plasticizing temperature 
thereof and then is formed or shaped by means of a suit- 
able mold and counter-mold system. 
[0003] In prior art single-station thermoforming appa- 
ratus, the heating ovens usually comprise monolithic 
construction panels, which are conventionally arranged 
both above and under the plastics material to be proc- 
essed, and being provided with suitable heating means 
(electric resistances) arranged on the surface of each 
oven and oriented towards the plastics material. 
[0004] The plastics material, in particular, is loaded in- 
to the heating station and is arranged herein in a hori- 
zontal position. During this loading operation, the heat- 
ing ovens are withdrawn and arranged outside of the 
heating region, on the rear of the apparatus or on the 
same side thereof. Then, with the electric resistances 
being in a turned-on condition, the heating panels are 
driven towards the sheet-like plastics material. In par- 
ticular, for a two-oven station arrangement, the heating 
ovens are designed to be "sandwich" arranged on the 
plastics material, thereby covering the overall surface 
thereof. Thus, the heating ovens are conventionally in- 
troduced into the heating station receiving at a fixed po- 
sition thereof the plastics material to be processed with 
a parallel relationship to the sheet being processed and 
starting from an edge of said sheet facing the heating 
panels (i.e. the rear of the apparatus or the single oven 
access side). 

[0005] This movement is continued to cause the plas- 
tics material sheet to be fully covered by the surfaces of 
the ovens. The thus achieved position is successively 
held for the time necessary to achieve a desired plasti- 
cizing temperature, and, after having achieved said 
plasticizing temperature, the heating ovens are driven 
for withdrawal in an opposite direction. With the heating 
panels fully disengaged or moved away from the sheet- 
like plastics materials, theforming step proper is started, 
which is usually preceded by an air blowing-in step for 
providing the so-called pre-stretching "ball", in order to 
pre-stretch the sheet plastics material. The forming op- 
eration, in particular, is performed by causing the mold 
or molds to approach the plastics material sheet, with a 
simultaneous formation of vacuum or application of 
pressurized air, in order to cause the plastics material 
to satisfactorily adhere to the mold. Upon having per- 
formed the forming operation, the molds are opened, the 
formed product is withdrawn from the forming station 
and is replaced by a new plastics material sheet to be 
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therm of ormed. 

[0006] Great drawbacks are related to the above dis- 
cussed thermoforming machines or apparatus, mainly 
with respect to the disclosed movements of the heating 
panel or panels. In fact, as discussed, a full covering of 
the plastics material sheet by the heating ovens is 
achieved starting from a same side (usually from the 
rear of the apparatus), which includes the inlet and outlet 
sections of the pan els with respect to the heating station. 
This means that the plastics material portion arranged 
at this side is that which will receive the greatest amount 
of heat, whereas the opposite side (i.e. that arranged at 
the front of the apparatus) will be cooler than the other 
side. 

[0007] In the above discussed prior art, great efforts 
have been made to overcome any thermal differentials, 
in particular by differently balancing the oven electric re- 
sistances. This balancing operation which, anyhow, is 
very complex, has not been however found as satisfac- 
tory to solve the above mentioned problem. In fact, in 
heating processes in which small thickness plastics ma- 
terial sheets are heated, even very small thermal differ- 
entials between opposite sides of the sheet material are 
susceptible to cause uncontrollable phenomena, such 
as the so-called "blistering" effect (a burning of the plas- 
tics material on the oven inlet side and a not sufficient 
heating on the opposite side). 

[0008] As stated, the surface of the heating panel or 
panels included in the heating ovens must be at least 
equal to that of the plastics material sheet to be proc- 
essed. Thus, it should be apparent that the construction 
of the mentioned panels will occupy a comparatively 
high volume and that the masses to be driven are com- 
paratively large. Because of this reason, whereas the 
main surface of the heating panels corresponds to a 
large displacement thereof in order to cover and then 
disengage the surface of the plastics material, the 
weight of said panels will hinder and slow down the dis- 
closed oven movements. 

[0009] On the other hand, a high speed withdrawal of 
the panels from the heating station is indispensable in 
order to prevent burning or flaming, due to an accidental 
contact against the vary hot resistances of the bottom 
oven, of the material being heated. Such a risk, on the 
other hand, frequently occurs in monolithic construction 
oven thermoforming apparatus. In fact, in these prior 
stations, the highest heat concentration occurs at the 
central regions of the heating panels and, accordingly, 
at the central portions of the plastics material sheet cov- 
ered by the heating ovens. This central portion, accord- 
ingly, will be subjected to the greatest deformation (usu- 
ally a buckling deformation); and this in a region of the 
sheet plastics material which, since it is arranged at the 
greatest distance of the edges engaged in the heating 
station, will be most susceptible to deformation under 
the effect of its weight. 

[0010] An inevitable consequence is that, even for 
small over-heatings in this central region of the plastics 
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material sheet (which, anyhow, are rather frequent con- 
sidering the discussed requirement of balancing the 
smailer heating occurring on portions of the sheet) may 
cause the material sheet to fall on the underlaying panel 
or oven, with a consequent burning thereof. 
[0011] In order to overcome the above mentioned 
drawbacks, the sole solution afforded by prior thermo- 
forming apparatus was that of quickly withdrawing the 
panels outside the region covered by the plastics mate- 
rial sheet. This operation, as stated, is however hin- 
dered by the large surfaces of the ovens and by inertial 
forces related to the large masses being driven. Accord- 
ingly, all of the prior thermoforming apparatus including 
single heating stations are subjected to frequent burning 
or flaming risks. 

[001 2] I n addition to the above mentioned drawbacks, 
heating stations of prior art thermoforming apparatus 
are moreover affected by yet other drawbacks mainly 
related to the wiring assemblies of the heating electric 
resistances and the overall size of the thermoforming 
apparatus. 

[001 3] The first of these drawbacks derives from 'the 
fact that the large surface which must be covered by the 
electric resistances, coinciding with the surface of the 
oven facing the plastics material, requires to use very 
large length cables, and related protective assemblies 
for protection against heat. The second drawback, on 
the other hand, is directly related to the construction of 
prior thermoforming apparatus, usually including a 
"front" portion, i.e. that side of the machine through 
which the plastics material is loaded into the heating sta- 
tion, and a "rear" portion, i.e. that side of the machine 
where the heating panel or panels is/are held at a with- 
drawn or rest position. Thus, this single access operat- 
ing position constitutes a typical limitation of these prior 
apparatus which hinders a quick and accurate installa- 
tion of the apparatus in a manufacturing system. 
[0014] The document Patent Abstracts of Japan hav- 
ing the Publication No. 59202816, and publication date 
of 16-11-84, discloses, to prevent a sheet from over- 
heating and to make possible to utilization of the instal- 
lation space effectively, to divide a heater, arranging the 
divided heaters on both sides and supporting them in a 
freely retreating manner. Air cylinders are driven in order 
to move a lower heater. When the cylinder rods are con- 
tracted, lever revolve about transmission shafts as ful- 
crums in the outside directions and inside links, wherein 
base and parts are fixed to transmission shafts revolved 
by revolutions with the same angles as the revolving an- 
gles of the mentioned levers, the inside links revolving 
about bottom hinges as fulcrums. By parallelogram link 
mechanisms composed of the divided heaters, the di- 
vided heaters, drawing fan-shaped loci from the central 
position in a width direction of the sheet, are separated 
and moved respectively toward both sides and are sup- 
ported at a specified position obliquely downward on ei- 
ther sides. 

[0015] The document AU-A1 37 985/78 discloses a 



thermoforming apparatus comprising a heater which is 
movable in a plane parallel to the plane of the plastic 
sheet to be thermof ormed and a mold. More specifically, 
this prior thermoforming apparatus comprises a die- 
platen, a heater for heating sheet plastics material sup- 
ported over the die-platen and wherein the heater is en- 
tirely supported from one side of the apparatus, whereby 
the other side of the apparatus is unobstructed by sup- 
ports for the heater. 

SUMMARY OF THE INVENTION 

[001 6] Accordingly, the aim of the present invention is 
to provide such a single-station thermoforming appara- 
tus in which the heat can be evenly distributed through 
the overall surface of the plastics material to be proc- 
essed, i.e. without any thermal differentials between dif- 
ferent regions of said plastic material. 
[001 7] Within the scope of the above mentioned aim, 
a further object of the present invention is to provide 
such a thermoforming apparatus which comprises 
quickly displaceable heating ovens, specifically de- 
signed for quickly moving away from the regions of the 
apparatus which would be easily susceptible to burning 
or flaming phenomena. 

[0018] Yet another object of the present invention is 
to provide such a thermoforming apparatus in which the 
heating ovens, while being adapted to process compar- 
atively large surfaces of plastics material sheets, have 
a comparatively reduced size and in which the masses 
to be displaced are such as to allow a quick withdrawal 
of said sheets. 

[0019] Yet another object of the present invention is 
to provide a thermoforming apparatus including heating 
ovens the power supply cables of which can be ar- 
ranged in a comparatively simple manner. 
[0020] Yet another object of the present invention is 
to provide such a single station thermoforming appara- 
tus allowing an operator to access the apparatus from 
two sides thereof. 

[0021] According to one aspect of the present inven- 
tion the above mentioned aim and objects are achieved 
by a single-station thermoforming apparatus according 
to claim 1 . 

[0022] Further characteristics of the thermoforming 
apparatus according to the invention are claimed in the 
dependent claims 2 to 12. 

[0023] The present invention also relates to a heating 
method performed by the thermoforming apparatus ac- 
cording to the above mentioned claims, which heating 
method is essentially characterized in that it provides to 
start the heating process simultaneously at opposite 
sides of said plastics material sheets. 
[0024] Further characteristics of the subject method 
are claimed in dependent claims 1 6 to 1 8. 
[0025] Thus, the two-portion construction of the oven , 
preferably the two half-panel construction, will allow to 
cover the overall surface of the plastics material sheet, 
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without causing any thermal differentials which are, on 
the contrary, typical of prior thermoforming apparatus. 
Actually, the apparatus according to the invention will 
allow to drive the oven starting from the two opposite 
sides of the plastics material sheet instead of a single 
side of prior apparatus. Thus, contrarily to prior thermo- 
forming apparatus, the thermoforming apparatus ac- 
cording to the present invention provides the advantage 
of starting the thermal or heating process from the op- 
posite sides of the plastics material sheet and, accord- 
ingly, without any temperature differentials therebe- 
tween. 

[0026] A further great advantage of the invention is 
that the region of the panel providing the greatest heat 
amount (usually the central region of the panel or oven) 
has been divided into two portions, each of which cor- 
responds to the central portion of the related panel parts. 
Thus, the oven will be better thermally balanced, there- 
by distributing its operating heat through the overall sur- 
face of the sheet material to be processed, without con- 
centrating heat on single portions of the sheet material. 
[0027] This improved heat distribution is moreover fa- 
vored by the curved or "cradle" configuration of the bot- 
tom oven, as permitted by the above disclosed modular 
construction. Actually, this configuration allows to prop- 
erly control the thermal exchange amount given in a 
cross direction with respect to the oven driving direction, 
i.e. in the direction of the deflection to which the plastics 
material is subjected because of the heating operation. 
[0028] Thus, the invention will provide an improved 
control of the plasticizing thermal process owing to a 
synergic combination of the following features, which 
derive from the main feature of the invention consisting 
of splitting each oven into two portions: 

starting of the heating from two opposite sides of 
the sheet plastics material, which prevents any ther- 
mal differentials from occurring therebetween; 
generating of two central regions with an increased 
heat release, said regions being arranged at each 
panel portions constituting the oven and, according- 
ly, at different points of the plastics material; and 
a thermal control, even in the direction of the cross 
deformation of the plastics material sheet, owing to 
the curved or bulged configuration of the bottom ov- 
en. 

[0029] Accordingly, the invention improves the prior 
art apparatus in this field, owing to the above mentioned 
individual effects, as well as with respect to a combina- 
tion thereof. Thus, a proper thermal process can be car- 
ried out in the heating station with a consequent drastic 
reduction of any overheating burning effects. 
[0030] With respect to this latter aspect, the compos- 
ite construction of the oven included in the apparatus 
according to the present inventions assumes a very im- 
portant importance. In fact, the oven can be driven away 
from the plastics material just starting from the point 



where is maximum the probability of possible burning or 
flaming phenomena. In fact, as stated, that region of the 
plastics material most susceptible to contact the heating 
electric resistances of the bottom oven (which would 

5 cause flaming phenomena to occur) will be arranged at 
the central portion of the bottom oven, i.e. the region 
scarcely subjected to deflection effects. On the other 
hand, the half panels constituting the bottom oven of the 
inventive station are opened and driven away from one 

10 another just starting from this central region, thereby un- 
covering it at the start of the oven withdrawing displace- 
ment. Thus, whereas in conventional prior apparatus 
the burning contact would also occur upon starting of 
the backward stroke or displacement of the oven (since 

15 the heating panel can be withdrawn exclusively from a 
single side), in the apparatus according to the present 
invention, this dangerous phenomenon can not occur 
since as the half-panel displacement is started, then the 
oven will be immediately opened, just starting from the 

20 most deflected region of the deformed plastics material 
(corresponding to that portion of said deformed plastics 
material closest to the hot oven heating resistances). 
[0031 J Thus, the herein claimed construction provides 
a great advantage even with respect to the structure of 

25 the individual thermal units of the heating ovens, since 
the wiring assemblies are much more simple than con- 
ventional wiring assembly, and the electric wires or ca- 
bles will have a greatly reduced length (corresponding 
to the width of each panel portion, instead of the overall 

30 width of the oven). 

[0032] Consequently, the splitting of the thermal pow- 
er into independent parts, which parts are separated 
from the overall oven construction according to the in- 
vention, will allow to provide an improved thermal con- 

35 trol, thereby the heating electrical resistances can be 
held closest to the plastics material to be processed, 
thereby greatly reducing the size of the overall system. 
[0033] The flexibility of the apparatus according to the 
present invention is moreover a direct consequence of 

40 the specifically designed arrangement of the panel por- 
tions at the ends of the heating station, which will allow 
the operator to easily access the station from two differ- 
ent and opposite sides, to perform processing opera- 
tions such as the loading and unloading of the plastics 

45 material to be processed, the replacement of the 
processing molds and of the thermoforming tools as well 
as the control of the apparatus controls. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

[0034] The above as well as further characteristics 
and advantages of the invention will become more ap- 
parent hereinafter from the following detailed disclosure 
of a preferred embodiment of the invention which is il- 
55 lustrated, by way of a not limitative example, in the fig- 
ures of the accompanying drawings, where: 

Figure 1 is a longitudinal cross section view illus- 
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trating the apparatus according to the invention in 
two different steps of the operating process thereof; 
Figure 2 is a cross sectional view illustrating the ap- 
paratus of figure 1 , with the ovens thereof being in 
a working position; 5 
Figure 3 illustrates a detail of the systems for sup- 
porting and driving the heating ovens of the appa- 
ratus shown in figure 1 ; 

Figure 4 illustrates a detail of the arrangement of 
the half-ptanes at a heating position for heating a 10 
plastics material sheet; 

Figure 5 illustrates a modified embodiment of the 
apparatus shown in figure 2, with a bottom oven 
having a cradle configuration; 

Figure 6 is a top plan view illustrating the thermo- *s 
forming apparatus according to the invention, the 
heating oven being shown in a rest condition; 
and 

Figure 7 illustrates the apparatus of figure 6, the 
heating oven being shown in a working condition. 20 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0035] The apparatus shown in the drawing figures is 
a thermoforming apparatus of the single-station type. 25 
This apparatus, which has been specifically designed 
for hot molding a sheet plastics material (for example 
thermoplastics materials such as polystyrene, ABS res- 
ins, PVC, PMMA), is of the type including two heating 
ovens which can be sandwich arranged respectively 
above and under the mentioned sheet material to be 
thermoformed or molded. In this connection it should be 
however pointed out that the invention is not limited to 
this embodiment, the scope thereof also encompassing 
heating stations including a single heating oven indiffer- 
ently arranged either above or under the plastics mate- 
rial to be processed. 

[0036] The thermoforming apparatus according to the 
invention has been generally indicated by 1 in figure 1 . 
Said apparatus comprises a bottom main casing 2, in 
which is provided a heating and forming station 3. At the 
end portions of the mai n casing 2 are moreover provided 
corresponding housing chambers or extensions 4 and 
5 for housing therein the panel portions forming each 
heating oven, as they are arranged at a rest position. 
[0037] As clearly shown in figure 4, the apparatus ac- 
cording to the invention comprises two heating ovens 7 
and 8 which are sandwich arranged respectively above 
and under the plastics material sheet 6. Each oven 7 
and 8 is in turn constituted by two half-panels, respec- 
tively indicated by 71 , 72 and 81 , 82 which are coupled 
to one another, with a head-to-head relationship, at the 
height of corresponding middle or axial lines 9 and 10. 
Each half -panel is moreover provided with heating elec- 
tric resistances 13 facing the plastics material sheet 6. 
[0038] Said half-panels can operate between a rest 
position (shown by solid lines in figure 1 ) where they are 
housed in the housing chambers 4 and 5 of the main 



casing 2, with an arrangement 71, 81 and 72, 82 (see 
said figure 1) and an operating position, in which said 
half-panels are mutually adjoined to form the ovens 7 
and 8 respectively arranged above and under the plas- 
tics material sheet 6 (figure 4). 
[0039] The thermofomning apparatus 1 comprises 
moreover a bottom movable plate 11 for supporting the 
thermoforming mold 12, as well as clamping frames 14 
and 1 4a for clamping the sheet material 6 along the per- 
imetrical edge thereof. 

[0040] At the top of said thermoforming machine 1 are 
moreover provided a counter-mold assembly 15 and a 
cylinder assembly including cylinders 16,17 and 1 8 re- 
spectively for operating the mold bearing plate 11 , the 
counter-mold assembly 1 5 and the clamping frames 14 
and 1 4a. The apparatus 1 comprises furthermore a tank 
19 for providing vacuum inside the main casing 2, the 
walls of the chambers 4 and 5 being provided with vent 
openings 20 and 21 providing a sort of chimney effect 
(figure 1). 

[0041] The horizontal driving or displacement of the 
half panels forming the ovens 7 and 8, which are slidably 
supported on sliding guides 23, is obtained by respec- 
tive pneumatic cylinders 22, thereby each panel can be 
independently driven. 

[0042] In a modified embodiment shown in figure 5, 
the bottom oven 8 has a curved or cradle configuration, 
mating the profile of the "bulged portion" of the sheet 6 
as the latter is deformed by heat. 
[0043] The operation of the above disclosed thermo- 
forming apparatus is as follows. 
[0044] At the start, the operator 30 loads the plastics 
material sheet 6, by arranging it on the bottom frame 
1 4a provided in the thermoforming station 3 and clamp- 
ing it, by operating the cylinder 18, against the top frame 
14a (figure 3). In particular, this loading operation can 
be performed either at the front side of the apparatus 1 
(figure 6) or, indifferently, at the rear side thereof. During 
this loading step, the half-panels forming each heating 
oven 7 and 8 will be held in the chambers 4 and 5 ar- 
ranged laterally of the main casing 2 and, more specif- 
ically: the half-panels 71, 81 being arranged inside the 
chamber 5; the half-panels 72, 82 being arranged inside 
the chamber 4 (which positions are shown by solid lines 
in figure 1 ). 

[0045] Then, by actuating the driving and supporting 
means 22 and 23, each half-panel pair is driven toward 
the plastics material sheet 6, thereby forming, above 
and under said sheet, the heating ovens 7 and 8 (figure 
2): the first oven, in particular, is formed by coupling in 
a head-to-head relationship the panels 71 , 72 along the 
middle line 9 (figures 4 and 7), the second oven being 
formed by likewise coupling the panels 81 , 82 along the 
middle line 10 (figure 4). 

[0046] As it should be apparent from comparing fig- 
ures 6 and 7, the half-panels are driven starting from the 
opposite sides 61 and 62 of the plastics material sheet 
6, in the direction of the arrows shown in figure 6. Simul- 
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taneously with this displacement, the heating electric re- 
sistances 13 are energized, thereby providing regions 
of maximum heat releasing, arranged at the central area 
of each half-pane! (71 c and 72c in figure 7). The heating 
position shown in figure 7 will be held to achieve the 5 
desired or set plasticizing temperature of the plastics 
material sheet 6. As the plasticizing temperature has 
been achieved, the ovens will be opened by driving the 
oven half-panels in driving directions opposite to those 
shown in figure 6, starting from their mutual arrange- 10 
ment illustrated in figure 7. The excess heat supplied by 
the half-panel ovens arranged in the chambers 4 and 5, 
will be supplied by the ventilation generated, by the 
above mentioned chimney effect, between the openings 
20 and 21 provided in said chambers. Then, by using is 
the vacuum tank 19 of figure 1, the plastics material 
sheet will be subjected to a pre-stretching step, with a 
simultaneous closing of the mold 12-15. At the end of 
the molding operation, the operator will withdraw the 
formed sheet from the thermoforming apparatus and will 
replace it with a new sheet to be thermoformed. 
[0047] In the embodiment shown in figure 5, as stated, 
the deflection of the sheet 6 is facilitated by the cradle 
or curved-concave configuration of the bottom oven 8. 
Even in this case, the displacements of the respective 
panel portions 81 and 82 correspond to the those which 
have been above disclosed with reference to figures 6 
and 7. 

[0048] With respect to this modified embodiment of 
the invention, it should be pointed out that the withdraw- 
al of the oven 8 from its working position shown in figure 
5 is allowed by moving away from one another the half 
panels 81 and 82 which, as they are driven laterally and 
outside the edges 61 and 62 of the sheet 6 (figure 6), 
will not interfere against the deformed by plastics mate- 
rial sheet at the end of the plasticizing process. 
[0049] From the above disclosure it should be appar- 
ent that the heating operation is carried out in a very 
even manner, due to the engagement of the half-panels 
with the two opposite sides of the sheet to be thermo- 
formed (figure 6), to the distribution on at least two dif- 
ferent points of the heat concentrating regions (figure 7) 
and, finally, due to a proper control of the temperature 
gradient, even in the deflection direction of the plasti- 
cized material (figure 5). 

[0050] Owing to the above mentioned improved heat 
distribution, possible overheating burning of the plastics 
material sheet is greatly reduced. In this case, since the 
most probable contact point between the sheet 6 and 
underlaying oven 8 is that the vertical projection whereof 
coincides with the middle line 1 0 of the oven (figure 4), 
it should be apparent that, immediately as the two half- 
panels 81 and 82 are driven away, a void space is 
formed under the falling point of the plastics material. 
This, in combination with a corresponding opening of the 
top panel 7, will prevent any burnings from occurring. 
[0051] While the thermoforming apparatus of the 
present invention has been disclosed and illustrated 
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with reference to a preferred embodiment thereof, it 
should be apparent that the disclosed embodiment is 
susceptible to several modifications and variations all of 
which will come within the spirit and scope of the inven- 
tion. Thus, for example, the heating panels could be pro- 
vided with a different configuration and, moreover, it 
would be possible to provide different driving and sup- 
porting means therefor. 

[0052] Moreover, the individual panel portions 71 , 72 
and 81 , 82 can be made with a different size. In partic- 
ular, the scope of the invention will also encompass 
heating orthermoforming stations provided with a single 
heating oven (arranged either above or under the plas- 
tics material to be thermoformed). 
[0053] Furthermore, the thermoforming process can 
also be carried by using the single mold 1 2, the counter- 
mold effect being provided either by the vacuum in the 
tank 19, or by using pressurized air. 



Claims 

1 . A single-station thermoforming apparatus (1 ), com- 
prising at least a movable oven (7, 8) which can be 
driven through a plane parallel to a laying plane of 
a plastics material sheet (6) to be thermoformed 
and at least a mold, characterized in that said at 
least an oven comprises a heating panel formed by 
two panel portions (7, 8) which can be driven 
through on said plane parallel to said laying plane 
of said plastics material sheet (1 6) and which can 
be mutually coupled at a common coupling line, and 
that said apparatus comprises moreover a casing 
(2) including side housing chambers (4, 5) for hous- 
ing said panel portions (7, 8) at a rest position there- 
of, said chambers (4, 5) being provided with venti- 
lating openings for providing a chimney ventilating 
effect in said chambers (4, 5). 

2. An apparatus according to Claim 1 , characterized 
in that said panel portions comprise two half-panels 
(71, 72, 81, 82) and that said coupling line (9, 10) 
is a middle line of said movable oven. 

3. An apparatus according to Claim 1, characterized 
in that said apparatus comprises moreover driving 
means (22, 23) for driving and siidably supporting 
said two panel portions (7, 8) in a mutually inde- 
pendent manner. 

4. An apparatus according to Claim 1 , characterized 
in that in said apparatus are provided two ovens (7, 
8), said ovens being respectively arranged above 
and under said plastics material sheet (6) to be ther- 
moformed. 

5. An apparatus according to Claim 4, characterized 
in that said two ovens (7, 8) are arranged in a rest 
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position thereof, some of said panel portions (71 , 
81) being held in one (5) of said chambers (4, 5) of 
said casing (2), whereas the other of said panel por- 
tions (72, 82) are held in the other (4) of said cham- 
bers (4, 5). 

6. An apparatus according to Claim 1 , characterized 
in that said panel portions (71, 72, 81, 82) can be 
removed from said chambers (4, 5) and can be cou- 
pled to one another at coupling lines so as to form 
said ovens (7, 8) to be arranged above and under 
said plastics material sheet. 

7. An apparatus according to Claim 1 , characterized 
in that said at least an oven is formed by a panel 
arranged under said plastics material sheet (6), said 
panel including panel portions which can be mutu- 
ally closed with a head-to-head relationship thereby 
providing a curved or cradle oven mating a deflec- 
tion assumed by said sheet (6) as said sheet (6) is 
brought to a plasticizing temperature thereof. 

8. An apparatus according to Claim 1 , characterized 
in that said two panel portions (7, 8) are provided 
with electric resistances (13) facing a side of said 
oven facing said sheet (6). 

9. An apparatus according to Claim 1 , characterized 
in that each panel portion (7, 8) provides respective 
regions of increased thermal exchange on said 
sheet (6). 

10. An apparatus according to Claim 1, characterized 
in that said apparatus comprises moreover a bot- 
tom movable plate (11) for supporting a mold (12), 
a counter-mold (15) and clamping frames (14) for 
perimetrically clamping said sheet (6), driving 
means (1 6, 1 7, 1 8) being moreover provided for re- 
spectively driving said plate (11), counter-mold (15) 
and clamping frame (1 4). 

11. An apparatus according to Claim 12, characterized 
in that said apparatus comprises moreover a vacu- 
um tank (19). 

12. A method for heating a plastics material sheet, by 
a thermoforming apparatus (1) according to claim 
1 , characterized in that said method comprises the 
steps of starting a heating operation on said sheet 
(6) simultaneously at opposite sides of said sheet, 
stopping the heating starting from a central portion 
of said sheet, providing increased heat releasing re- 
gions distributed at at least two different points of 
said sheet, and controlling a plasticizing tempera- 
ture of said sheet (6), even in a deflection direction 
of said sheet. 



PatentansprUche 

1 . Vorrichtung zumThermoformen mit einer Einzelsta- 
tion (1 ) mit mindestens einem bewegbaren Ofen (7, 

5 8), der durch eine parallel zu einer Auflageebene 
einer zu thermoformenden Kunststoffolie (6) und 
mindestens einer Form fahrbar ist, 
dadurch gekennzeichnet, daft 
der mindestens eine Ofen eine aus zwei Heizplat- 

10 tenabschnitten (7,8) gebildete Heizplatte aufweist, 
die durch eine parallel zu der Auflageebene der zu 
thermoformenden Kunststoffolie (6) fahrbar, und 
die gegenseitig an eine gemeinsame Koppelungs- 
linie koppelbar sind, und daft die Vorrichtung dar- 

15 uber hinaus ein Gehause (2) mit seitlichen Gehau- 
sekammem (4,5) zur Unterbringung der Plattenab- 
schnitte (7,8) in ihrer Ruheposition aufweist, wobei 
die Kammern (4,5) mit Beluftungsoffnungen verse- 
hen sind, urn eine Kaminbeluftungswirkung in den 

20 Kammern (4,5) zu bieten. 



Vorrichtung nach Anspruch 1 , 

dadurch gekennzeichnet, daft 

die Plattenabschnitte zwei Plattenhalften (71,72, 

81,82) aufweisen, und daft die Koppelungslinie (9, 

1 0) eine Mittellinie des bewegbaren Ofens darstellt. 



25 



30 



Vorrichtung nach Anspruch 1 , 
dadurch gekennzeichnet, daft 
die Vorrichtung daruber hinaus Antriebsmittel (22, 
23) zum Antrieb und zur voneinander unabhangi- 
gen gleitenden Lagerung der zwei Plattenabschnit- 
te (7, 8) aufweist. 



35 4. Vorrichtung nach Anspruch 1 , 
dadurch gekennzeichnet, daft 
in der Vorrichtung zwei Ofen (7,8) vorgesehen sind, 
wobei die Ofen jeweils oberhalb und unterhalb der 
zu thermoformenden Kunststoffolie (6) angeordnet 

40 sind. 

5. Vorrichtung nach Anspruch 4, 
dadurch gekennzeichnet, daft 

die zwei Ofen (7,8) in ihrer Ruheposition angeord- 
45 net sind, wobei einige der Plattenabschnitte (71,81) 
in einer (5) der Kammern (4,5) des Gehauses (2) 
untergebracht sind, wahrend die anderen Platten- 
abschnitte (72,82) in der anderen (4) der Kammern 
(4,5) untergebracht sind. 

50 

6. Vorrichtung nach Anspruch 1 , 
dadurch gekennzeichnet, daft 

die Plattenabschnitte (71,72,81,82) aus den Kam- 
mern (4,5) entfernbar und in Koppelungslinien so 
55 aneinanderkoppelbar sind, urn die oberhalb und un- 
terhalb der Kunststoffolie anzuordnenden Ofen (7, 
8) zu bilden. 
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7. Vorrichtung nach Anspruch 1 , 
dadurch gekennzelchnet, daB 

mindestens ein Ofen durch eine unterhalb der 
Kunststoffolie (6) angeordnete Platte gebitdet ist, 
wobei die Platte Plattenabschnitte enthalt, die im 
Verhaltnis zueinander Kopf an Kopf geschlossen 
werden konnen und dadurch einen gekrummten 
oderwiegenformigen Ofen bieten, dereiner Durch- 
biegung der Folie (6) entspricht, wenn die Folie (6) 
auf eine Plastifizierungstemperatur gebracht ist. 

8. Vorrichtung nach Anspruch 1 , 
dadurch gekennzelchnet, daB 

die zwei Plattenabschnitte (7,8) mit Elektrowider- 
standen (13) versehen sind, die einer Seite des 
Ofens gegenuberltegen, der der Folie (6) gegen- 
uberliegt. 

9. Vorrichtung nach Anspruch 1 , 
dadurch gekennzelchnet, daB 

jeder Plattenabschnitt (7,8) jeweils Bereiche erhoh- 
ten Warmeaustausches auf der Folie (6) bietet 

10. Vorrichtung nach Anspruch 1 , 
dadurch gekennzelchnet, daB 

die Vorrichtung dariiber hinaus eine untere beweg- 
bare Platte (11) zum Tragen einer Form (12), einer 
Gegenform (15) und von Klemmrahmen (14) zum 
umfangsmaBigen Festklemmen der Folie (6) auf- 
weist, wobei dariiber hinaus Antriebsmittel 
(16,17,18) vorgesehen sind, urn jeweils die Platte 
(11), die Gegenform (15) und den Klemmrahmen 
(14) zu bewegen. 

11. Vorrichtung nach Anspruch 1, 
dadurch gekennzelchnet, daB 

die Vorrichtung dariiber hinaus einen Vakuumbe- 
halter (19) aufweist. 

12. Verfahren zum Erwarmen einer Kunststoffolie mit 
einer Vorrichtung (1) zum Thermoformen nach An- 
spruch 1, 

dadurch gekennzeichnet, daB 

das Verfahren Schritte zum Beginn eines gleichzei- 
tigen Erwarmungsvorgangs der Folie (6) an entge- 
gengesetzten Seiten der Folie umfaBt, die Erwar- 
mung zuerst von einem zentralen Teil der Folie aus 
gestoppt wird, wodurch auf mindestens zwei unter- 
schiedliche Punkte der Folie verteilte Bereiche er- 
hohter Warmeabgabe geboten werden, wobei eine 
Plastifizierungstemperatur der Folie (6) selbst in ei- 
ner Durchbiegungsrichtung der Folie gesteuert 
wird. 



Revendicatlons 

1. Appareil de thermoformage a un seul poste (1), 



comprenant au moins un four mobile (7, 8), qui peut 
etre entraTne dans un plan parallele a un plan de 
pose d'une feuille de matiere plastique (6) a ther- 
moformer et au moins un moule, caracterise en ce 

5 que ledit au moins un four comporte un panneau 
chauffant forme de deux panneaux (7, 8), qui peu- 
vent §tre entraTnes sur ledit plan parallele audit plan 
de pose de ladite feuille de matiere plastique (16) 
et qui peuvent etre accouples mutuellement a une 

10 Hgne d'accouplement commune, et en ce que ledit 
appareil comprend de plus un carter (2) compre- 
nant des chambres laterales (4, 5) pour recevoir 
lesdits panneaux (7, 8) a une position de repos, les- 
dites chambres (4, 5) etant equipees d'ouvertures 

15 de ventilation pour assurer un effet de ventilation en 
cheminee dans lesdites chambres (4, 5). 

2. Appareil selon la revendication 1 , caracterise en ce 
que lesdits panneaux comprennent deux demi-pan- 

20 neaux (71 , 72, 81 , 82) et en ce que ladite ligne d'ac- 
couplement (9,10) est une ligne mediane dudit four 
mobile. 

3. Appareil selon la revendication 1 caracterise en ce 
25 que ledit appareil comprend de plus un moyen d'en- 

traTnement (22, 23) pour entrainer et soutenir avec 
glissement lesdits deux panneaux (7, 8) d'une fagon 
mutuellement independante. 

30 4. Appareil selon la revendication 1 , caracterise en ce 
que dans ledit appareil sont prevus deux fours (7, 
8), lesdits fours etant respectivement disposes au- 
dessus et au-dessous de ladite feuille de matiere 
plastique (6) a thermoformer. 

35 

5. Appareil selon la revendication 4, caracterise en ce 
que lesdits deux fours (7, 8) sont disposes dans une 
position de repos, certains desdits panneaux (71, 
81) etant contenus dans Tune (5) desdites cham- 

40 bres (4, 5) du carter (2), alors que les autres pan- 
neaux (72, 82) sont contenus dans I'autre (4) des- 
dites chambres (4, 5). 

6. Appareil selon la revendication 1 , caracterise en ce 
45 que lesdits panneaux (71 , 72, 81 , 82) peuvent etre 

retires des chambres (4, 5) et peuvent etre accou- 
ples Tun a I'autre aux lignes d'accouplement de fa- 
gon a former lesdits fours (7, 8) pour etre disposes 
au-dessus et au-dessous de ladite feuille de matie- 
so re plastique. 

7. Appareil selon la revendication 1 caracterise en ce 
que ledit au moins un four est forme par un panneau 
dispose sous ladite feuille de plastique (6), ledit 

55 panneau comprenant des panneaux qui peuvent 
etre mutuellement fermes en etant disposes tete a 
tete constituant ainsi un four incurve ou en berceau 
correspondent a une flexion subie par ladite feuille 
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(6) lorsque ladite feuille (6) est amenee a une tem- 
perature de plastification. 

8. Appareil selon la revendication 1 , caracteris6 en ce 
que lesdits deux panneaux (7, 8) sont munis de r6- 5 
sistances electriques (13) disposees face a un cdte 
dudit four face a ladite feuille (6). 

9. Appareil selon la revendication 1 caracterise en ce 
quechaquepanneau (7, 8)constituedes zones cor- io 
respondantes d'echange thermique accru sur ladite 
feuille (6). 

10. Appareil selon la revendication 1 , caracterise en ce 
que cet appareil comprend de plus une plaque in- is 
ferieure mobile (11) pour supporter un moule (12), 

un contre-moule (15) et des cadres de serrage (14) 
pour brider sur le perimetre ladite feuille (6), des 
moyens d'entrainement (16, 17, 18) etant de plus 
prevus pour entraTner respectivement ladite plaque 20 
(11), ledit contre-moule (15) et ledit cadre de serra- 
ge 14). 

1 1 . Appareil selon la revendication 1 2 caracterise en ce 
que ledit appareil comprend de plus un reservoir a 25 
vide (19). 

12. Proc6de pour chauffer une feuille de matiere plas- 
tique, par un appareil de thermoformage (1) selon 

la revendication 1 , caract6risee en ce que ledit pro- 30 
cede comprend les etapes de d6marrage d'une 
operation de chauffage sur ladite feuille (6) simul- 
tanement sur les cotes opposes de ladite feuille, 
I'arret du chauffage a partir d'une partie centrale de 
ladite feuille, la constitution de zones de degage- 35 
ment de chaleur accru reparties en au moins deux 
points differents de ladite feuille, et le controle d'une 
temperature de plastification de ladite feuille (6), 
meme dans un sens de flexion de ladite feuille. 
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FIG. 5 



14 



EP 0 813 950 B1 




EP 0 813 950 B1 




16 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
ETfaded TEXT OR DRAWING 
□"BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ /GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



